ioral and electrographic characteristics of the disease, breeding is often difficult and takes substantial time, seizure phenotypes vary considerably between different mouse genetic backgrounds, and screening techniques are not easily scalable. The DS iPSC model has the advantage of being patient derived and shows in vitro electrophysiological abnormalities, but at present no consensus exists on the best method to monitor responses to pharmacologic treatments in this model.
The study by Baraban et al. aims to investigate the feasibility of using zebrafish as an animal model of DS to investigate disease mechanisms and the feasibility of HTPS of pharmacologic compounds. Given the short breeding times and the possibility of simultaneously monitoring dozens of fish, this is an intriguing idea. The authors take advantage of a previously described mutant fish line carrying a homozygous mutation in the gene Scn1Lab (9), which shares 77% identity with the human SCN1A gene. Because the zebrafish genome underwent a duplication during evolution, the fish have two genes homologous to SCN1A: Scn1Lab and Scn1Laa. Thus, a homozygous mutation in one of these genes would be equivalent to a heterozygous condition in the human.
Through the use of quantitative PCR and in situ hybridization, the authors demonstrate that Scn1Lab is expressed during early CNS development. The mutation causes a reduction in the expression levels of this gene, while those of other VGSC genes are not affected. Fortuitously and for unknown reasons, the mutant fish exhibit hyperpigmentation, facilitating the recognition of mutants from their wild-type siblings. Microarray and quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) demonstrated mild changes in the expression level of 1,099 genes, including some associated with CNS disorders, and this database should provide a valuable resource for future studies. Dravet syndrome is a catastrophic pediatric epilepsy with severe intellectual disability, impaired social development and persistent drug-resistant seizures. One of its primary monogenic causes are mutations in Na v 1.1 (SCN1A), a voltage-gated sodium channel. Here we characterize zebrafish Na v 1.1 (scn1Lab) mutants originally identified in a chemical mutagenesis screen. Mutants exhibit spontaneous abnormal electrographic activity, hyperactivity and convulsive behaviours. Although scn1Lab expression is reduced, microarray analysis is remarkable for the small fraction of differentially expressed genes (~3%) and lack of compensatory expression changes in other scn subunits. Ketogenic diet, diazepam, valproate, potassium bromide and stiripentol attenuate mutant seizure activity; seven other antiepileptic drugs have no effect. A phenotype-based screen of 320 compounds identifies a US Food and Drug Administration-approved compound (clemizole) that inhibits convulsive behaviours and electrographic seizures. This approach represents a new direction in modelling pediatric epilepsy and could be used to identify novel therapeutics for any monogenic epilepsy disorder.
Drug Screening in

Of Fish and Men
Behaviorally, the mutant zebrafish exhibit premature spontaneous death between 10 and 12 days post fertilization (mid larval/prejuvenile stage). They also have elevated levels of swim activity, spontaneous convulsions, and rapid undirected movements, while none of these behaviors are observed in wild-type siblings. Such abnormal movements in larvae exposed to the proconvulsant drug pentylenetetrazole have been reported by the authors in a previous study, suggesting that these movements correspond to seizures (10) . Of importance, zebrafish movement can be measured with the use of automated tracking devices. For recording forebrain extracellular field potentials, the larvae were immobilized in agar (to obviate the need for anesthetics); then a glass microelectrode was inserted in the forebrain. Both interictal bursts and largeamplitude ictal events were recorded from mutants but were never observed in controls.
After confirming the presence of behavioral and electrographic abnormalities consistent with seizures, the authors performed a pharmacologic validation by measuring the effect of currently available anticonvulsant medications on the electrographic activity and swimming behavior of mutant larvae. Similar to the lack of efficacy in humans, many drugs had no effect on burst frequency, burst duration, cumulative seizure duration, and seizure-like behavior; however, valproate, diazepam, potassium bromide, and stiripentol caused significant decreases in burst frequency, time spent in seizures, and seizure behavior. To examine the effect of ketosis as a proxy for the ketogenic diet, the authors added ketogenic substrates to the water and checked for abnormal movements with locomotion tracking. While control larvae had no change in behavior when exposed to the ketogenic compounds, mutant larvae exhibited a reduction in seizure-like behavior. Collectively, these results suggest that Scn1Lab mutant zebrafish are able to recapitulate some of the behavioral, electrographic, and pharmacologic characteristics of DS.
Having validated their animal model, the authors then subjected the mutant fish to an HTPS of a repurposing drug library to identify new compounds that ameliorate the seizure-like behavior in the locomotion tracking assay. The authors placed fish in 96-well plates and automatically tracked swim activity at baseline and then after exposure to 320 test compounds previously approved by the FDA and toxicology tested. After several rounds of testing at various concentrations, they identified four compounds that reduced spontaneous seizures and swimming speed to normal levels without showing toxicity.
Those four compounds were then tested for their effect on electrographic activity. Three of the compounds proved to be muscle relaxants that abolished abnormal seizure-like behavior but not electrographic ictal activity. Only clemizole, an antihistamine and NS4B RNA-binding inhibitor, was effective in normalizing both swimming behavior and electrographic activity. To confirm the anticonvulsive properties of clemizole, the authors then tested its effect on the pentylenetetrazole zebrafish model, where it again proved capable of reducing seizures.
This study not only validates a new vertebrate animal model of DS but also supports the use of this model for HTPS of new pharmacologic treatments. The model and screening methods used led to the reliable detection of both anticonvulsant efficacy of the compounds and toxicity at the organismal level. One of the most exciting findings of the article is the suggestion that a currently FDA-approved compound might be a feasible treatment for this devastating disease. Whether clemizole will live up to this promise will require testing in mammalian models and subsequent clinical trials. Future studies will also need to define the mechanism of epilepsy in the zebrafish DS model, a very important question since the current mouse and iPSC models may differ in hyperexcitability mechanisms (5) (6) (7) (8) . It will also be interesting to explore whether Scn1Laa mutants also serve as DS models and, if so, whether differences exist with the current model. Nonetheless, the present works suggests that zebrafish models of genetic epilepsies are very promising for HTPS to identify novel epilepsy therapies. One can envision future preclinical strategies of antiepileptic drug development that combine screening and testing in zebrafish, rodent, and patient-derived neuronal models of epilepsy. The hope is that this approach will translate to improved success in clinical trials of promising drug candidates.
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